Abstract. A device of calibration using eccentric axial flow fan was designed to calibrate the sensor of radial force. In this paper, centrifugal force generated by eccentricity of rotor of axial flow fan is used to simulate the excitation of the sensor. The internal system of detection and recording is used for data recovery and processing to obtain response and characteristics. After the test of cylindrical sensor with a range of 0-200N, the radial force is linearly related to the output value of ADC. By using the least square method, the outgoing degree is 2.25%, and the sensitivity is 53.3LSB/N. The method verifies the accuracy of the method, and the sensitivity of the maximum deviation is not greater than 1.0LSB/N using the standard force loading at 0°, 60°, 120°, 180°, 240° and 300°. This method provides an effective means for the analysis, design, improvement and manufacture of cylindrical sensors of radial force.
Introduction
A cylindrical sensor of radial force is a kind of sensor to measure the radial force of the pump shaft. It is mainly used in the design and manufacture of equipment of large water pump. The radial force of the pump shaft is that the force in the radius direction of the pump shaft in the process of the pump impeller rotating. The main factors affecting the performance of the pump shaft include the radial force, axial force and mechanical vibration of rotor [1] . If the radial force of the pump shaft is too large, it would lead to the fracture of shaft, a great deal of economic loss and even endanger worker's life [2] .
A calibration method of radial force put forward by using the rotation of axial flow fan, and build a platform of calibration system of sensor. The deformation of the elastic element is detected by the internal measuring circuit, and the output data of the sensor is obtained. The input and output characteristic curve of the sensor are determined by the least square method [3] . This calibration method simulates the experimental environment of the cylindrical sensor, which is beneficial to the analysis and design of sensors and pumps.
Method of Calibration

Constitution of Calibration Device
The calibration device of cylindrical sensor of radial force is composed of a cylindrical sensor, loading device of radial force of axial flow fan, weight, sensor unit, speed measurement unit and data recovery unit. When the axial flow fan rotates, it produces radial force on the sensor, resulting in deformation. The deformation of the sensor is measured by the strain gauge pasted on the sensor, and it is stored in the flash memory through an internal measurement circuit. The serial port module reads the data from flash and transfers it to the computer. At the same time, the speed measurement unit measures the rotational speed of the axial flow fan under that weight. The software for data processing carries on the Fourier transformation to the data. The band pass filter is used to extract the peak value of the same speed as the axial flow fan. Change the weight, and repeat the above operation to obtain the output data of the sensor under different radial forces. The input and output characteristic curve of the sensor are obtained by the least square method.
Generation of Radial Force
The weight is fixed at the end of the fan blade of the axial flow fan. As it rotates, the radial force F generated by the weight is:
(1) The means of m is weight, a is the acceleration in the normal direction of rotation. Assuming that the weight rotates from the position of M0 to M1, and takes times Δt. The weight rotates in a certain radian φ with radius r, as shown in Figure 1 . The algebraic value of the rotational speed v of weights is:
Where ω is the angular velocity of the rotating weight (rad/s). When the weight is rotated from M0 to M1, the velocity variation is Δv. When the φ is very small, the direction of Δv is approximately perpendicular to the tangential velocity, that is the direction of an in Figure 1 , and the size of Δv approximate the size of arc length. Thus the acceleration can be deduced.
In Figure 2 the direction of 0° and 180° is positive and negative peak direction of sensor. According to formula 3 can draw that the component force Fa in 0° direction.
The relation between strain ε and radial force of cylindrical sensor can be deduced from reference [4] . 
Where ymax is the maximum distance between the position of measured deformation and the neutral layer of elastic element, l is the horizontal distance between weights and strain gauges, E is called as the elastic modulus of cylindrical elastic element, and the In is called as the moment of inertia of cylindrical sensor cross section. Full bridge circuit is adopted by this system. The output voltage is Uo.
Where Ui is the voltage of bridge power, R is the resistance value of strain gauges, ΔR is the variation of resistance value and k is the sensitivity coefficient of strain gauge. 
System Composition
The calibration system of cylindrical sensor of radial force is composed of eccentric axial flow fan, sensor unit, speed measuring unit and data recovery unit. The sensor unit is used in data acquisition and storage. Speed measurement of axial flow fan is completed by the hall sensor and oscilloscope. The data recovery unit is that reading out of data stored in the flash module through the serial port, and it is conveyed to the computer analysis. The calibration system of cylindrical sensor of radial force is shown in Figure 2 .
Eccentric Axial Flow Fan
The main part of eccentric axial flow fan is composed of axial flow fan, and the end of fan blade installed with weight. Using the centrifugal force generated by the weight rotation to simulate the radial force of the pump shaft for calibration.
Sensor Measurement Unit
The sensor unit of the measurement system is composed of stress cylinder, strain bridge, ADC, MCU, flash memory, serial communication interface, clock interface, bridge power and battery. The structure diagram of sensor unit is shown in Figure 3 . 
Speed Measurement Unit
The speed measuring unit is composed of permanent magnet, the fixed bracket, the hall sensor and oscilloscope. The permanent magnet is fixed near the weight, and above the axial flow fan. Hall sensor is fixed on the axial flow fan by bracket. The 5V power supply is connected to the hall sensor, and the signal is connected with the oscilloscope through the resistance to detect the rotational speed of the axial flow fan.
Data Recovery Unit
The data recovery unit includes a serial port module and the computer software for data processing. Serial module is connected to serial port of MCU. The data in flash memory read out through the serial port module, and put it into computer. Chebyshev band-pass filter is used to eliminate the mechanical vibration and power frequency interference.
Practical Test
Test for Eccentric Axial Fan
According to the above calibration method, the ADC output data is obtained. Take weight of 15.68g an example, the zero drift is removed by data processing software in data recovery device, and initial data is shown in Figure 4 . Fourier transform of the data is used to obtain its frequency spectrum, as shown in Figure 5 . It can be seen that the data contains DC component, AC component of 45.64Hz and multiple harmonic components of 45.64Hz. Compared with the speed measurement unit, 45.64Hz is the rotation frequency of the axial flow fan when using this weight, which is the data value for the experiment [5] . The data are obtained after filtering through the recovery unit, the peak value of the signal is 4832LSB. Replace the weight, and make several experiments. The output value of the sensor can be obtained under the corresponding radial force, as shown in table 1. The radial force in table 1 is calculated according to formula 4. Relationship between ADC output value and radial force of sensor is as shown in Figure 6 . The result of least square method fitting: the linearity was 2.25%, and the sensitivity was 53.3LSB/N. 
Multiple Angle Radial Loading Test
In order to verify the correctness of the above experimental results, the ADC output of the cylindrical sensor of radial force is measured by the sensor unit when the tension is applied at 0°, 60°, 120°, 180°, 240° and 300°. The tightener applies tension to the sensor unit. Cantilever beam sensor that has been calibrated measures the force of tightener, and then measure the radial force of sensor unit. In the process of experiment, the output values of ADC under the same radial force were measured at 0°, 60°, 120°, 180°, 240° and 300°, and the ADC output values were measured at the radial force of 40N, 80N,  120N, 160N, 200N, 240N and 280N respectively. The measurement results are shown in Table 2 . The multiple angle values of different radial forces are obtained after the zero error is removed, as shown in Figure 7 .The sensitivity K1 of the multiple angle cylindrical sensor is calculated by the least square method. Sampling of multiple sine signals obtained by above experiments of eccentric axial flow fan, the ADC output value of the corresponding angle is extracted. The sensitivity K2 of cylindrical sensor of radial force is calculated by the least square method at each angle. Comparing K1 with K2, as shown in Table 3 . The error in Table 3 is equal to |K1 -K2|. The sensitivity of the sensor is calibrated by the radial force generated by the axial flow fan, and the maximum error is 1.0LSB/N with the multiple angle radial force loading test.
The Experimental Results
In this paper, the centrifugal force excited by rotor eccentricity of axial flow fan is used to simulate the interference of the actual radial force of the pump shaft for the output characteristics of the sensor, which is beneficial to the analysis and design of sensors and water pumps. Through the experiment, the relationship between the cylindrical sensor of radial force with a range of 0-200N and the output value of ADC is linear, the linearity is 2.25%, and the sensitivity is 53.3LSB/N. The test of radial loading with different angles corresponds to six angles: 0°, 60°, 120°, 180°, 240°and 300°. The maximum deviation of the sensitivity is less than 1.0LSB/N comparing radial force with the force generated by axial flow fan, which is consistent with the conclusion that the sensor is a low pass system.
